This study identifies land use changes in the metropolitan region of Klang-Langat Valley focusing on urban sprawl and green space. A technique called Normalized Difference Vegetation Index (NDVI) is used to quantify temporal urban green space dynamics. All districts in the valley recorded a marked increase in urban area, but decreased in agriculture and forest areas. Result of vegetation index analysis showed that NDVI increases for water body, bare soil, and built-up area category for as much as 16.98% from 1998 to 2001, but during the same period vegetation experience a decrease of 22.25%.
Introduction
Changes in urban land use change are global phenomena that occur in almost all countries throughout the world [5] , [6] . Currit and Easterling [10] pointed that economic globalization and population growth as drivers of land use changes. This is also supported by the fact that land use changes are a major factor in global environmental change because of its interactions with climate, ecosystem processes, biogeochemical cycles, biodiversity, human activities, carbon budgets and sustainability. Global environmental change has prompted concerns over the critical role of urban areas in global system. Urbanization, both as a social phenomenon and a physical transformation of land use, is a powerful, often irreversible and highly visible anthropogenic force worldwide. Urban land use change has many implications socially, economically, spatially and physically. Sometimes these problems are difficult to solve because of the complexity of natural and human systems. Rapid urban population growth and the expansion of urbanized area affects natural and human systems at all geographic scales [8] . Economic globalization and growth in Southeast Asia has sped land use changes in suburb and peripheries. Both naturally occurring (e.g. forest fire) and human induced (e.g. urbanisation) deforestation have been known as an ongoing issues regionally as well as globally [9] , [11] . A decrease in forest cover results in an increase in temperature, impervious areas and surface run-off [12] , [13] , [7] . As population grows, there are other accompanying problems such as crowding, housing shortages and insufficient or obsolete infrastructure [8] , [14] . Satellite imagery has been extensively used to detect changes in land cover [14] , [2] , [4] . This is done by analysing changes in spectral and statistical properties of images from different dates for a particular area of interest. A number of methods can be used for change detection purposes. Among the frequently used technique is known as image differencing, which involves pixel-by-pixel subtraction of the reflectance of one image from another. The outcome is an image containing increased and decreased reflectance of surface features. Later, researchers initiated some improvement by using ratio image differencing; an index called normalised difference vegetation index (NDVI) is introduced where normalised difference of reflectance from the near infrared and visible red bands is calculated from the image using [7] :
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The NDVI is able to efficiently discriminate green vegetation from other features since the former contains chlorophyll that absorbs red light for photosynthesis and at the same time reflects the near infrared energy. Thus, high NDVI signifies high green vegetation. The NDVI separates green vegetation from other surfaces as the chlorophyll of green vegetation absorbs the visible red wavelengths for photosynthesis and reflects the near infrared wavelengths. Therefore, high NDVI indicate high vegetation, i.e. high leaf biomass and canopy closure.
This paper attempts to estimate temporal changes in urban green space by means of NDVI. Quantitative and qualitative analyses are later carried out to determine the effectiveness of the method.
Materials and Methods
The study area is in The Klang-Langat Valley was chosen as the study area because it locates several urban centres such as Shah Alam, Petaling Jaya, Subang Jaya, Bandar Baru Bangi, Kajang, Kuala Lumpur and Putrajaya. In addition, this area also experiences rapid population growth and urbanization, resulting in drastic land use changes and severe environmental problems. Petaling recorded the highest population and Hulu Selangor was the biggest in term of area. Being a tropical climate, its daily temperature ranges from 23°C to 33°C. Humidity usually exceeds 80% and annual rainfall is 2,700 mm. Rain falls every month throughout the year, but December, January and February are the wettest months, over the years, brought by the Northeast Monsoon, vegetation cover has reduced tremendously in the Klang-Langat Valley as economic development and urbanisation proceed rapidly.
Landsat TM satellite data from 1989, 1990, 1991, 1993, 1996, 1998 and 2001 were used in this study. The data were selected based on having the least cloud cover so that only minimum cloud masking needed to be done [1] , [3] . Initially, the Landsat data were geometrically rectified based on topographic maps. The other type of data used in this study were land use data and the population data for various districts and periods. Multi-temporal analysis technique was used to identify land use changes. All processing tasks were done using Erdas Imagine software. Initially, land use change was analysed visually by assigning bands 4, 3 and 2 to red, green and blue. By doing so, the land use pattern and trend, linkage between places and location of the land use changes can be determined. The Landsat has seven bands where band 3 records visible red measurement while band 4 records near infrared measurement; hence the NDVI was be determined using:
NDVI that ranges between -1.0 and 0 represents non-vegetative features such as bare surface, built-up area and water body, while NDVI greater than 0 represents vegetation covers. The NDVI was spatially analysed and pseudo colour for all images were generated. Changes in NDVI were spatially analysed by integrating NDVI images from different dates. Figure 1 shows Landsat bands 4, 5 and 3 assigned red, green and blue from 1989, 1990, 1991, 1993, 1996, 1998 1989, 1990, 1991, 1993, 1996, 1998 and 2001. Figure 2 shows NDVI images from 1989, 1990, 1991, 1993, 1996, 1998 and 2001 . NDVI was categorised into three classes i) water body, bare soil, and built-up area; ii) mixed area and iii) fully vegetation area. Until 1998, the study area was classified as a mixed area but in 2001, it was occupied with water body, bare soil, and built-up surface. Table 1 shows the NDVI derived from Landsat from 1989, 1990, 1991, 1993, 1996, 1998 1989, 1990, 1991, 1993, 1996, 1998 and 2001 . K u a l a S e l a n g o r H u l u S e l a n g o r G o m b a k K l a n g P e t a l i n g K u a l a L a n g a t S e p a n g * H u l u L a n g a t K u a l a S e l a n g o r H u l u S e l a n g o r G o m b a k K l a n g P e t a l i n g K u a l a L a n g a t S e p a n g * H u l u L a n g a t Based on the data from Department of Agriculture Malaysia, changes were computed based on area (in ha) and percentage rise. Table 2 summarises the computed changes in the northern, central and southern districts. It can be seen that the increase in builtup areas in northern and central districts during 1997-2006 was three times those of the southern districts. As a result, all urban districts experienced a significant increase environmental change. It is shown that visual interpretation of the NDVI images provides a quick overall picture on the land use changes that occured. Finally, the 3.91% difference between the satellite's derived NDVI and the data from the Department of Agriculture, Malaysia signifies the usefulness of the satellite's derived NDVI in determining land use change. Therefore the proposed method can be used as a practical and effective means for determining temporal changes in urban green space.
Results and Discussion

